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(54) GAS TURBINE WITH MOVEABLE EXHAUST PLUG

(57)  An exhaust section (78) of a gas turbine engine
includes an exhaust plug (58), and an exhaust nozzle
(60) radially offset from the exhaust plug defining an ex-
haust pathway (80) between the exhaust plug and the
exhaust nozzle. The exhaust plug is configured for axial
translation relative to exhaust nozzle between a first po-
sition and a second position to selectably change a
cross-sectional area of the exhaust pathway during thrust

FIG. 5.

reversal operation of the gas turbine engine to reduce an
amount of reverse thrust necessary. A method of oper-
ating a gas turbine engine includes actuating a fan thrust
reverser (68) to divert a fan airflow (70) from a fan airflow
pathway, and translating an exhaust plug from a first po-
sition to a second position, thereby increasing a
cross-sectional area of an exhaust pathway to reduce an
amount of reverse thrust necessary.
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Description
BACKGROUND

[0001] Exemplary embodiments pertain to the art of
gas turbine engines, and more particularly to exhaust
nozzles of gas turbine engines.

[0002] Large aircraft, such as multiengine aircraft uti-
lizing high bypass gas turbine engines, utilize fan thrust
reversers to slow and stop the aircraft upon landing or in
other instances, such as an aborted takeoff. The gas tur-
bine engine is spooled up to increase power output to
provide the thrust utilized by the fan thrust reverser, a
forward component of thrust, or core thrust, is still pro-
vided, via the core of the gas turbine engine, and as thrust
is increased to power the fan thrust reverser, the core
thrust proportionally increases as well.

[0003] Itis desired toreduce the size and weight of fan
thrust reversers to reduce initial cost and also operating
costs of the aircraft. Since to slow and stop the aircraft
as desired the fan thrust reverser must overcome the
forward momentum of the aircraft as well as the core
thrust, lowering the core thrust component that must be
overcome by the fan thrust reverser may lead to a reduc-
tion in fan thrust reverser size and/or weight.

BRIEF DESCRIPTION

[0004] Inone embodiment, an exhaust section ofagas
turbine engine includes an exhaust plug, and an exhaust
nozzle radially offset from the exhaust plug defining an
exhaust pathway between the exhaust plug and the ex-
haust nozzle. The exhaust plug is configured for axial
translation relative to exhaust nozzle between a first po-
sition and a second position to selectably change a cross-
sectional area of the exhaust pathway during thrust re-
versal operation to reduce an amount of reverse thrust
necessary.

[0005] Additionally or alternatively, in this or other em-
bodiments the exhaust plug includes an end portion ta-
pering to a plug tip.

[0006] Additionally or alternatively, in this or other em-
bodiments the end portion is conical.

[0007] Additionally or alternatively, in this or other em-
bodiments an axially-extending portion of the exhaust
plug extends from the end portion.

[0008] Additionally or alternatively, in this or other em-
bodiments the axially-extending portion is cylindrical.
[0009] Additionally or alternatively, in this or other em-
bodiments a plurality of actuators drive axial translation
of the exhaust plug.

[0010] Additionally or alternatively, in this or other em-
bodiments the plurality of actuators are a plurality of
pneumatic or electric actuators.

[0011] Additionally or alternatively, in this or other em-
bodiments translation of the exhaust plug between the
first position and the second position changes the cross-
sectional area of the exhaust pathway by between 10%
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and 20%.

[0012] In another embodiment, a gas turbine engine
includes a fan section defining a fan airflow pathway, a
combustor section, a turbine section in fluid communica-
tion with the combustor section, and an exhaust section
in fluid communication with the turbine section. The ex-
haust section includes an exhaust plug and an exhaust
nozzle radially offset from the exhaust plug defining an
exhaust pathway between the exhaust plug and the ex-
haust nozzle. The exhaust plug is configured for axial
translation relative to exhaust nozzle between a first po-
sition and a second position to selectably change a cross-
sectional area of the exhaust pathway during thrust re-
versal operation to reduce an amount of reverse thrust
necessary.

[0013] Additionally or alternatively, in this or other em-
bodiments the exhaust plug includes an end portion ta-
pering to a plug tip.

[0014] Additionally or alternatively, in this or other em-
bodiments the end portion is conical.

[0015] Additionally or alternatively, in this or other em-
bodiments an axially-extending portion of the exhaust
plug extends from the end portion.

[0016] Additionally or alternatively, in this or other em-
bodiments the axially-extending portion is cylindrical.
[0017] Additionally or alternatively, in this or other em-
bodiments a plurality of actuators drive axial translation
of the exhaust plug.

[0018] Additionally or alternatively, in this or other em-
bodiments the plurality of actuators are a plurality of
pneumatic or electric actuators.

[0019] Additionally or alternatively, in this or other em-
bodiments translation of the exhaust plug between the
first position and the second position changes the cross-
sectional area of the exhaust pathway by between 10%
and 20%.

[0020] In another embodiment, a method of operating
a gas turbine engine includes actuating a fan thrust re-
verser to divert a fan airflow from a fan airflow pathway,
and translating an exhaust plug from a first position to a
second position, thereby increasing a cross-sectional ar-
ea of an exhaust pathway to reduce an amount of reverse
thrust necessary.

[0021] Additionally or alternatively, in this or other em-
bodiments increasing the cross-sectional area of the ex-
haust pathway reduces a core thrust produced by the
gas turbine engine.

[0022] Additionally or alternatively, in this or other em-
bodiments an aircraft is slowed or stopped via the actu-
ating the fan thrust reverser and translating the exhaust
plug.

[0023] Additionally or alternatively, in this or other em-
bodiments translating the exhaust plug from the first po-
sition to the second positionincreases the cross-section-
al area of the exhaust pathway between 10% and 20%.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The following descriptions should not be con-
sidered limiting in any way. With reference to the accom-
panying drawings, like elements are numbered alike:

FIG. 1 is a cross-sectional view of an embodiment
of a gas turbine engine;

FIG. 2 is an exploded view of an embodiment of a
gas turbine engine system;

FIG. 3 is a perspective view of an embodiment of an
exhaust section of a gas turbine engine;

FIG. 4 is a first cross-sectional view of an embodi-
ment of an exhaust section of a gas turbine engine;

FIG. 5 is a second cross-sectional view of an em-
bodiment of an exhaust section of a gas turbine en-
gine; and

FIG. 6 is a schematic view of a method of operating
a gas turbine engine.

DETAILED DESCRIPTION

[0025] A detailed description of one or more embodi-
ments of the disclosed apparatus and method are pre-
sented herein by way of exemplification and not limitation
with reference to the Figures.

[0026] FIG. 1 schematically illustrates a gas turbine
engine 20. The gas turbine engine 20 is disclosed herein
as a two-spool turbofan that generally incorporates a fan
section 22, acompressor section 24, a combustor section
26 and a turbine section 28. Alternative engines might
include an augmentor section (not shown) among other
systems or features. The fan section 22 drives air along
a bypass flow path B in a bypass duct, while the com-
pressor section 24 drives air along a core flow path C for
compression and communication into the combustor
section 26 then expansion through the turbine section
28. Although depicted as a two-spool turbofan gas tur-
bine engine in the disclosed non-limiting embodiment, it
should be understood that the concepts described herein
are not limited to use with two-spool turbofans as the
teachings may be applied to other types of turbine en-
gines including three-spool architectures.

[0027] The exemplary engine 20 generally includes a
low speed spool 30 and a high speed spool 32 mounted
for rotation about an engine central longitudinal axis A
relative to an engine static structure 36 via several bear-
ing systems 38. It should be understood that various
bearing systems 38 at various locations may alternatively
or additionally be provided, and the location of bearing
systems 38 may be varied as appropriate to the applica-
tion.

[0028] The low speed spool 30 generally includes an
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inner shaft 40 that interconnects a fan 42, alow pressure
compressor 44 and a low pressure turbine 46. The inner
shaft 40 is connected to the fan 42 through a speed
change mechanism, which in exemplary gas turbine en-
gine 20 is illustrated as a geared architecture 48 to drive
the fan 42 at a lower speed than the low speed spool 30.
The high speed spool 32 includes an outer shaft 50 that
interconnects a high pressure compressor 52 and high
pressure turbine 54. A combustor 56 is arranged in ex-
emplary gas turbine 20 between the high pressure com-
pressor 52 and the high pressure turbine 54. An engine
static structure 36 is arranged generally between the high
pressure turbine 54 and the low pressure turbine 46. The
engine static structure 36 further supports bearing sys-
tems 38 in the turbine section 28. The inner shaft 40 and
the outer shaft 50 are concentric and rotate via bearing
systems 38 about the engine central longitudinal axis A
which is collinear with their longitudinal axes.

[0029] The core airflow is compressed by the low pres-
sure compressor 44 then the high pressure compressor
52, mixed and burned with fuel in the combustor 56, then
expanded over the high pressure turbine 54 and low pres-
sure turbine 46. The turbines 46, 54 rotationally drive the
respective low speed spool 30 and high speed spool 32
in response to the expansion. It will be appreciated that
each of the positions of the fan section 22, compressor
section 24, combustor section 26, turbine section 28, and
fan drive gear system 48 may be varied. For example,
gear system 48 may be located aft of combustor section
26 or even aft of turbine section 28, and fan section 22
may be positioned forward or aft of the location of gear
system 48.

[0030] The engine 20 in one example is a high-bypass
geared aircraft engine. In a further example, the engine
20 bypass ratio is greater than about six (6), with an ex-
ample embodiment being greater than about ten (10),
the geared architecture 48 is an epicyclic gear train, such
as a planetary gear system or other gear system, with a
gear reduction ratio of greater than about 2.3 and the low
pressure turbine 46 has a pressure ratio that is greater
than aboutfive. In one disclosed embodiment, the engine
20 bypass ratio is greater than about ten (10:1), the fan
diameter is significantly larger than that of the low pres-
sure compressor 44, and the low pressure turbine 46 has
a pressure ratio that is greater than about five 5:1. Low
pressure turbine 46 pressure ratio is pressure measured
prior to inlet of low pressure turbine 46 as related to the
pressure at the outlet of the low pressure turbine 46 prior
to an exhaust nozzle. The geared architecture 48 may
be an epicycle gear train, such as a planetary gear sys-
tem or other gear system, with a gear reduction ratio of
greater than about 2.3:1. It should be understood, how-
ever, that the above parameters are only exemplary of
one embodiment of a geared architecture engine and
that the present disclosure is applicable to other gas tur-
bine engines including direct drive turbofans.

[0031] A significant amount of thrust is provided by the
bypass flow B due to the high bypass ratio. The fan sec-
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tion 22 of the engine 20 is designed for a particular flight
condition--typically cruise at about 0.8Mach and about
35,000 feet (10,688 meters). The flight condition of 0.8
Mach and 35,000 ft (10,688 meters), with the engine at
its best fuel consumption--also known as "bucket cruise
Thrust Specific Fuel Consumption ('TSFC’)"--is the in-
dustry standard parameter of Ibm of fuel being burned
divided by Ibf of thrust the engine produces at that min-
imum point. "Low fan pressure ratio" is the pressure ratio
across the fan blade alone, without a Fan Exit Guide Vane
("FEGV") system. The low fan pressure ratio as disclosed
herein according to one non-limiting embodiment is less
than about 1.45. "Low corrected fan tip speed" is the ac-
tual fan tip speed in ft/sec divided by an industry standard
temperature correction of [(Tram °R)/(518.7 °R)]%-5. The
"Low corrected fan tip speed" as disclosed herein ac-
cording to one non-limiting embodiment is less than
about 1150 ft/second (350.5 m/sec).

[0032] Referring now to FIG. 2, in some embodiments
the gas turbine engine 10 includes an exhaust plug 58
and an exhaust nozzle 60 defining a pathway for the ex-
haust of combusted core airflow, or core thrust 62. Fur-
ther, the gas turbine engine 10 includes an inlet 64 and
a fan cowl 66 to enclose the fan section 22. A fan thrust
reverser 68 is included at the gas turbine engine 10 to
divert fan airflow 70 radially outwardly and forward during
a landing event of an aircraft on which the gas turbine
engine 10 is utilized to slow and or stop forward motion
of the aircraft. This is achieved by moving a translating
sleeve 72 of the fan thrust reverser 68 rearward, which
exposes cascade vanes 74, as shown in an upper portion
of FIG. 2, while a lower portion of FIG. 2 illustrates the
translating sleeve 72 in a stowed position. When the
translating sleeve 72 is moved rearward, blocker door
assemblies 76 are extend across fan flowpath B, thus
diverting the fan airflow 70 outwardly and in an upstream
direction through the cascade vanes 74. To slow the air-
craft, the diverted fan airflow 70 must overcome not only
the forward momentum of the aircraft, but also the core
thrust 62.

[0033] Referring now to FIGs 3 and 4, illustrated is an
embodiment of an exhaust section 78 of the gas turbine
engine 20, including the exhaust plug 58 located at the
engine central longitudinal axis A, and an exhaust nozzle
60. The exhaust nozzle 60 surrounds the exhaust plug
58 and is offset from the exhaust plug 58 in a radial di-
rection to define an exhaust pathway 80 between the
exhaust plug 58 and the exhaust nozzle 60 through which
core thrust 62 is flowed before exiting to the atmosphere.
To reduce the amount of core thrust 62 relative to the fan
airflow 70 during a landing operation, a cross-sectional
area of the exhaust pathway 80 is increased. This in-
creases an expansion ratio across the turbine section
28, thus resulting in a lower a discharge velocity and thus
core thrust 62 relative to the fan airflow 70.

[0034] The exhaust plug 58 has an axially-extending
portion 82, which in some embodiments is substantially
cylindrical, and an end portion 84 extending from the ax-
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ially-extending portion 82. In some embodiments, the end
portion 84 tapers to a plug tip 86 defining a downstream
end of the exhaust plug 58. In some embodiments the
end portion 84 is conical in shape.

[0035] The exhaust plug 58 is movable along the en-
gine central longitudinal axis A relative to the exhaust
nozzle 60, between a first position shown in FIG. 4 and
a second position, shown in FIG. 5. Moving the exhaust
plug 58 from the first position to the second position in-
creases a cross-sectional area of the exhaust pathway
80. The increase of the cross-sectional area of the ex-
haust pathway 80 increases the expansion ratio across
the turbine section 28, thus resulting in a lower amount
of core thrust 62 relative to the fan airflow 70.

[0036] In some embodiments, the exhaust plug 58 is
connected to a fixed portion 88, over which the exhaust
plug 58 moves between the first position and the second
position.

[0037] The movement of the exhaust plug 58 may be
driven by one or more actuators 90 connecting the fixed
portion 88 to the exhaust plug 58. In some embodiments,
the one or more actuators 90 are pneumatically or elec-
trically driven actuators, to withstand the high tempera-
tures of the exhaust section 78 of the gas turbine engine
10.

[0038] Insomeembodiments, the movement of the ex-
haust plug 58 from the first position to the second position
increases the cross-sectional area of the exhaust path-
way 80 by up to 20%, in some embodiments in the range
of 10% to 20%. A 20% area increase may reduce reverse
thrust requirements by a corresponding 20% relative to
operation of the thrust reverser 68 with the exhaust plug
58 at the first position.

[0039] FIG. 6 illustrates a method of a landing se-
quence for an aircraft. When the aircraft touches down
at block 100, the exhaust plug 58 is moved from the first
position to the second position at block 102, thus increas-
ing the cross-sectional area of the exhaust pathway 80.
At block 104, the translating sleeve 72 of the fan thrust
reverser 68 is translated, thus extending the blocker door
assemblies 76 across the fan flowpath B, so that when
the gas turbine engine 10 is spooled up to an appropriate
reverse thrust setting, the fan airflow 70 is diverted
through the cascade vanes 74 at block 106, to slow or
stop the aircraft at block 108. The steps represented at
block 102 and at block 104 may be interchanged in se-
quencing or happen simultaneously.

[0040] The term "about" is intended to include the de-
gree of error associated with measurement of the partic-
ular quantity based upon the equipment available at the
time of filing the application. For example, "about" can
include a range of = 8% or 5%, or 2% of a given value.
[0041] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the present disclosure. As used
herein, the singular forms "a", "an" and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood
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that the terms "comprises" and/or "comprising," when
used in this specification, specify the presence of stated
features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, oper-
ations, element components, and/or groups thereof.

[0042] While the present disclosure has been de-
scribed with reference to an exemplary embodiment or
embodiments, it will be understood by those skilled in the
art that various changes may be made and equivalents
may be substituted for elements thereof without depart-
ing from the scope of the present disclosure. In addition,
many modifications may be made to adapt a particular
situation or material to the teachings of the present dis-
closure without departing from the essential scope there-
of. Therefore, it is intended that the present disclosure
not be limited to the particular embodiment disclosed as
the best mode contemplated for carrying out this present
disclosure, but that the present disclosure will include all
embodiments falling within the scope of the claims.

Claims

1. Anexhaustsection (78) of agas turbine engine, com-
prising:

an exhaust plug (58); and

an exhaust nozzle (60) radially offset from the
exhaust plug defining an exhaust pathway (80)
between the exhaust plug and the exhaust noz-
zle;

wherein the exhaust plug is configured for axial
translation relative to exhaust nozzle between a
first position and a second position to selectably
change a cross-sectional area of the exhaust
pathway during thrust reversal operation to re-
duce an amount of reverse thrust necessary.

2. The exhaust section of claim 1, wherein the exhaust
plug includes an end portion (84) tapering to a plug
tip (86).

3. The exhaust section of claim 2, wherein the end por-
tion is conical.

4. The exhaust section of claim 2 or 3, further compris-
ing an axially-extending portion (82) of the exhaust
plug extending from the end portion.

5. The exhaust section of claim 4, wherein the axially-
extending portion is cylindrical.

6. Theexhaust portion of any preceding claim, wherein
a plurality of actuators (90) drive axial translation of

the exhaust plug.

7. The exhaust portion of claim 6, wherein the plurality
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of actuators are a plurality of pneumatic or electric
actuators.

8. The exhaust portion of any preceding claim, wherein
translation of the exhaust plug between the first po-
sition and the second position changes the cross-
sectional area of the exhaust pathway by between
10% and 20%.

9. A gas turbine engine (20), comprising:

afan section (22) defining a fan airflow pathway;
a combustor section (26);

aturbine section (28) in fluid communication with
the combustor section; and

an exhaust section (78) in fluid communication
with the turbine section, the exhaust section
comprising the features of any preceding claim.

10. A method of operating a gas turbine engine, com-
prising:

actuating a fan thrust reverser (68) to divert a
fan airflow (70) from a fan airflow pathway; and
translating an exhaust plug (58) from a first po-
sition to a second position, thereby increasing a
cross-sectional area of an exhaust pathway (80)
to reduce an amount of reverse thrust neces-

sary.

11. The method of claim 10, wherein increasing the
cross-sectional area of the exhaust pathway reduces
a core thrust produced by the gas turbine engine.

12. The method of claim 10 or 11, further comprising
slowing or stopping an aircraft via the actuating the
fan thrust reverser and translating the exhaust plug.

13. The method of claims 10 to 12, wherein translating
the exhaust plug from the first position to the second
position increases the cross-sectional area of the ex-
haust pathway between 10% and 20%.



EP 3 412 902 A1

]u,uuunuu&i

T RS
* ]

FIG. 1



EP 3 412 902 A1




EP 3 412 902 A1

FIG. 4

§
H
7
i




EP 3 412 902 A1

100 Aircraft

Touchdown

102, ¥

] Move Exhaust Plug

¥

m@\\ Dieploy Fan Thrust

Reyerser

!

Engine Spooled Up
to an Appropriate
Reverse thrust
™~ Setting and Fan
Ajrflow Diverted
Through Cascade
Wanes

106

lﬂa ' -

] Slow or 5top Aircraft




10

15

20

25

30

35

40

45

50

55

EP 3 412 902 A1

9

Européisches
Patentamt

European
Patent Office

Office européen
des brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

Application Number

EP 18 17 7104

DOCUMENTS CONSIDERED TO BE RELEVANT

Category

Citation of document with indication, where appropriate,
of relevant passages

CLASSIFICATION OF THE
APPLICATION (IPC)

Relevant
to claim

X

US 4 592 508 A (THORNOCK RUSSEL L [US])

3 June 1986 (1986-06-03)

* column 1, Tine 5 - line 24 *

* column 1, Tine 48 - line 61 *

* column 6, Tline 26 - column 7, line 52 *
* column 8, line 27 - column 9, line 9 *
* column 10, line 5 - line 18 *

* column 10, Tine 56 - column 11, line 36
*
*

abstract; figures 1-6,9-12 *
US 3 841 091 A (SARGISSON D ET AL)
15 October 1974 (1974-10-15)
* column 3, line 11 - line 21 *
column 3, Tine 55 - column 4, line 50 *
column 5, line 28 - line 58 *
column 7, line 15 line 28 *
claim 6; figure 1

* % * *
* 11 1

US 4 527 388 A (WALLACE JR FRANK B [US])
9 July 1985 (1985-07-09)

* column 2, Tline 64 - column 4, Tine 68 *
* figure 1 *

GB 1 116 779 A (ROLLS ROYCE)

12 June 1968 (1968-06-12)

* page 1, line 78 - page 2, line 106 *

* figures *

The present search report has been drawn up for all claims

1-13 INV.
FO2K1/08
FO2K1/16

FO2K1/72

1,2,4,6,

TECHNICAL FIELDS
SEARCHED (IPC)

FO2K

Place of search

The Hague

Date of completion of the search

29 October 2018

Examiner

0'Shea, Gearodid

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

10




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 3 412 902 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 18 17 7104

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

29-10-2018
oted m seareh repor i member(s) i
US 4592508 A 03-06-1986  NONE
US 3841091 A 15-10-1974 NONE
Us 4527388 A 09-07-1985 NONE
6B 1116779 A  12-06-1968 NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

1"



	bibliography
	abstract
	description
	claims
	drawings
	search report

